The primary transmission electron diffraction patterns for rutile (TiO2) have been obtained with the use of single crystals and a standard goniometer stage. The patterns have been indexed and the occurrence of spots is explained. Kikuchi patterns and extinction distances have been also computed. These data will be useful for electron-microscope observations of rutile-type oxides and difluorides.
Introduction
Transmission electron-microscope studies of defects in metallic oxides have been developed for several years in view of the interesting physical properties of these materials. In such studies it appeared useful to have several electron diffraction patterns available: diffraction patterns could then be identified during observation and diffracting vectors selected to perform contrast experiments. In many cases the oxide structure was neither cubic nor hexagonal and, to date, no diffraction patterns or stereographic projections have been presented.
Rutile, the stable form of titanium dioxide TiO2, is of particular interest because of its electrical behaviour and optical and mechanical properties. The rutile structure is tetragonal with c/a=0.644 (space group P4/mnm). This paper summarizes the most important diffraction patterns obtained from TiO2 single crystals and presents the corresponding computed Kikuchi patterns for 100 keV electrons. These patterns are useful for detailed investigations of futile-type structures: metallic difluorides such as MgF2 and metallic oxides, such as MnO2 and SnO2. Their lattice constants and axial (c/a) ratios are close to those of rutile TiO2 and hence their electron-diffraction patterns can be identified from those given in this paper without difficulty. Extinction distances are useful for studying contrast effects in imperfect crystals and have been listed in Table 1 . These values can be compared with those obtained from other oxide crystals.
Materials and procedures

Structure of rutile
The standard unit cell of rutile is shown in Fig. 1 . Natural (coloured) single crystals are available with different facets, but cleavage on crystallographic planes is difficult. Recent studies have been carried out on synthetic single crystals grown by the Verneuil flamefusion method (Moore, 1949) . During this process the [001] axis appears as a preferential growth axis.
In both cases (natural and synthetic), the [001] axis can be easily recognised because of the crystallographic Fig. 1 . The unit cell ofrutile TiOz; a =0.45937 nm and c = 0"29581 nm.
The fractional coordinates of the atoms are Ti: 0,0,0; 0"5,0"5,0.5; O: 0"3053,0-3053,0; 0.6947,0.6947,0; 0"8053,0.1947,0.5; 0.1947, 0"8053,0.5. Table 2. symmetry. The (001) plane can thus be used as an orientation reference for cutting specimens. In the same way, crystals in this orientation will produce an easily recognisable reference diffraction pattern (zone axis [001]) from which other patterns can be deduced by tilting.
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Fig. 2. (a) Geometry and conventions for indexing the electron-diffraction patterns. (b). Explanation of symbols A, B and q~ used in
Experimental procedure
Foils were cut from bulk synthetic single crystals parallel to the (001) or (100) plane and thinned by ion bombardment (Blanchin & Fontaine, 1975) . The foils were examined in a Philips EM 300 electron microscope at 100 kV.
Electron-diffraction patterns were obtained in a standard manner (see, for example, Andrews, Dyson & Keown, 1971). The microscope was fitted with a goniometer stage which provided a 360 ° azimuth rotation and a _+ 60 ° tilt about a fixed axis.
The basic geometry and sign convention are shown in Fig. 2(a) Fig. 2(a) (rising up) and PC to the crystal pole along the x axis (horizontal, left to right) .
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Electron df.fraction patterns
The four sets of patterns described above were obtained, summarized and presented in Table 2 where pattern and (o, the angle between them (Fig. 2b) . The angle ~ is as described above. Schematic drawings of the zone patterns and sorting of the table into descending order of A/B remain for the reader. (g) Fig. 3 (cont.) (h) p, o1~ oA 1oi
A/B represents the ratio of the magnitudes of two reciprocal lattice vectors (A/B) in the plane of the
Pattern interpretation
Indexing
Kikuchi lines were automatically indexed by computer (Ploc & Keech, 1972; Ploc, 1976) but, in instances such as Fig. 3(a) , it was also necessary to index by hand. Coherent indices have been set with regard to the direction of tilt. The Kikuchi patterns are stereographic rather than gnomonic projections, however, there is little difference over the angular range involved. Fig. 3 (cont.) 
(p)
where u = 0.30530. F(hkl) = 0 only if h = 0 and k + l = 2n + 1, or k = 0, and h + l = 2n + 1, n being an integer. In Figs. 3 and 4 all Kikuchi lines with non-zero structure factors in the range (555)< (hkl)< (555) have been included. It remains for the reader to retrace those figures emphasizing or de-emphasizing the lines seen in practice. These will depend on several factors such as accelerating voltage, specimen thickness and angle of tilt and cannot be treated here. The extinction distance, ~,kt, is a measure of the minimum crystal thickness (other than zero) which results in minimum diffraction-beam intensity (Hirsch, Howie, Nicholson, Pashley & Whelan, 1965) . This is an Tables for X-ray Crystallography (1968).
A second structure-factor computation was made on the basis of the atomic scattering amplitudes provided by Cromer & Waber (1965) and Hanson, Herman, Lea & Skillman (1964) , and by the step-wise variation of the Debye-Waller factor Bo + Br. These data, ~g(2), are presented in Table 1 with the results of the first calculation, ~g(1). There is good agreement between the two sets of data, the relative error being a few percent. To date, extinction distances for oxides have not been frequently presented in the literature.
